ED 062 001

AUTHOR
TITLE
INSTITUTION

SPONS AGENCY
REPORT NOC
PUB DATE
CONTRACT
NOTE

EDRS PRICE
DESCRIPTCRS

IDENTIFIERS

ABSTRACT

DOCUMENT RESUME
PS 005 425

Wilder, Larry; Harvey, Donald J.

‘Overt and Covert Verbalization in Problem Solving.

Wisconsin Univ., Madison. Research and Development
Center for Cognitive Learning.

Office of Education (DHEW), Washington, D.C.

Wp-77

Oct 71

OEC-5-10~-154

18p.; Report from the Project on Variables and
Processes in Cognitive Learning

MF-$0.65 HC-$3.29 »

Analysis of Variance; *Articulation (Speech):
*Cognitive Processes; Comparative Analysis; Early
Childhond; Educational Psychology; *High School
Students; Learning Processes; Nonverbal
Communication; *Problem Solving; Research; Task
Performance; *Verbal Communication

Covert Verbalization; Overt Verbalization

This study explored the effects of overt and covert

verbalization instructions on problem solving in high school
subjects. A series of three-circle problems were administered to

groups instructed to either (1) say a reason for each move they made
{overt verbalization), (2) think of a reason for each move as if they
were going to say it (covert verbalization), or (3) work the problems
silently (control). Consistent with previous findings, subjects
instructed to overtly verbalize were superior to control subjects on
a transfer task requiring no overt verbalization. No significant
differences, however, were observed between overt and covert
verbalizers. This finding was interpreted to indicate that, in
adults, covert verbalization can be as effective in mediating problem
solving behavior as talking aloud. It was suggested that this may not
hold true for children, however. (For related document, see PS 005
424.) {Author)




U.5. DEPARTMENT OF HEALTH,
EDUCATION & WELFARE
NFFICE OF EDUCATION
THIZ DOCUMENT HAS BEEN REPRO-
DUCED EXACTLY AS RECEIVED FROM
THE PERSON OR ORGANIZATION ORIG-
INATING IT. POINTS OF VIEW OR OPIN-
. IONS STATED DO NOT NECESSARILY
. REPRESENT OFFICIAL OFFICE OF EDU-
“CATION . POSITION OR POLICY.

Working Paper No. 77

Cvert and Covert Verbalization in Problem Solving

By Larry Wilder and Donald J. Harvey

Report from the Project on Variables and
Processes in Cognitive Learning

Project Investigators: Herbert J. Klausmeier, Robert E. Davidsonm,
Joel R. Levin, Thomas A. Romberg, B, Robert Tabachnick, Alan M. Voelker,
Larry Wilder, Peter Wolff
Technical Development Section Director: Mary R. Quilling
Research Associate: Dorothy A. Frayer

Wisconsin Research and Development
Center for Cognitive Learning
The University of Wisconsin
- Madison, Wisconsin '

October 1971

Published by the Wisconsin Research and Development Center for Cog-
nitive Learning, supported im part as 'a research and development

- center by funds from the United States Office of Education, Depart- o
ment of Health, . Education, and Welfare.. The opinions - expressed oo
herein do not necessarily reflect the position or policy .of the 0f- L

_ fice of Education and no official endorsement by the Office of Edu-
cation should be inferred. e R D

Center No. C~03 / Contract OE 5-10-154

. T e



NATIONAL EVALUATION COMMITTEE

Samuel Brownell
Prafessor of Urban Education
Graduate School

Yale University

Launor F. Cartor

Senfor Vice President on
Technology and Development

System Develapment Cerperalien

Francis S. Chase
Professer

Departmeant of Education
University of Chicage

Henry Chauncey
Prasident
Educational Testing Sefvice

Martin Deutsch

Directar, Institute for
Developmental Studies

New Yeork Medical College

Juck Edling

Director, Teaching Research
Division

Oregon State System of Higher
Education

Elizabeth Koentz

Wage and Laber Standards
Administratien, U,
Deparment of Laber,
Washingten

Roderick McPhee
President
Punahou School, Honelulu

Wesley Sowards
Dlre:fnr, Elementary Education
Florida State University

Patrick Suppes
Professor
Departmant of Mathematics

Stanford University

*Banton J. Underwood

Prafesser
Department of Psycholagy
Northwestern University

RESEARCH AND DEVELOPMENT CENTER POLICY REVIEW BOARD

Leonard Berkowitz
Chairman
Department of Psychology

Archie A. Buchmiller
Deputy State Superintendent
Department of Public Instruction

Robert E. Grinder

Chairman

Department of Edueational
Psychalogy

Russell J. Hosler
Prafassor, Curriculum
and Instruetion

Clauston Jenkias

Assistant Director

Coerdinating Committes for
Higher Education

Herbert J. Klausmeier

Directof, R & D Center

Professor of Educational
F’syfhnlggy

Stephen C. Kleene
Degn, College of
Letters end Stience

Donald J. McCarty

Dean
Schosl of Educatien

Ira Sharkansky
Associate Professor of Political
Science

B. Robert Tabachnick
Chairman, Department

of Currieulum and

Instruction

Henry C. Weinlick
Executiva Secretary
Wisconsin Education Asseciation

M. Crawford Young
Associate Dean
The Graduate Scheol

EXECUTIVE COMMITTEE

Edgar F. Borgatia
Brittingham Professer of
Sociology

Anne E. Buchanan
Project Specialist
R & D Center

Robin 5. Chapman
Research Associate
R & D Center

Robert E, Davidson
Assistant Professar,
Educational Psychalogy

Frank H. Farley
Assetiate Professor,
Educational Psychology

Russell J. Hasier
Professor of Curriculum and
Instruction and of Business

*Herhert J. Klausmeier
Directer, R & D Center
Professor of Educational

Psychology

Wayne Otto
Prafessor of Curriculum and
Instruction (Reading)

Robert G. Petzold
Associgie Dean of the Sehosl
_ of Edueation )
Prafessor of Curriculum and
Instruetion ond of Music

FACULTY OF PRINCIPAL INVESTIGATORS

Vernoen L. Allen

Professor of Psychology

Ted ' Czajkowski
Assistant Professor of Curriculum
and Instruction

Roberi E. Davidson
Assistont Profassor of
Educational Psycholugy

Gary A. Davis
Associate Professar of
Educational Psychalogy

M. Vere DeVauli
Professor of Curriculum and
Instruction [Mathematies)

Frank H. Farley
Assoclate Professor of Educational
Psycholegy

Lester £, Golub
Lecturer in Curriculum and
Instruction and in English

John G. Harvey

Associate Professer of
Mathematies and of Currieulum
and Instruetion

Herbert J. Klausmeier

Director, R & D Center
Professor of Educnhnnnl
Psychology

Donald Lange
Assistant Professor of Curriculum
and Instruction

James Moser
Assistant Professor of Mothematics
Education; Visiting Scholar

Wayne Otto
Professor of Curriculum and
Instruetion (Reading)

Milton O. Pella

Professor of Curriculum and
Instruetion (Seience)

Thomas A. Romberg

Associote Diractor, R & D Cenler
Professor of Mathematics ond of
Curriculum and {nstruction

B. Rohert Tabachnick
Ehmrmﬂn Department

‘of Curriculum and

Insiruction

Richard L. Venezky
Assistant Professor of English
and of Computer Sciences

Alan Veelker .
Assistant Professar of Curriculum
and Instruction

Larry Wilder

Assistant Professor of Curriculum
and Instruction

Peter Wolff -
Assistant Professor of Educatienal
Psychology

MANAGEMENT COUNCI.

: Herberf J, Klausmgler

Director, R- & D Center
V.A.C. Henmeni Professor of
Edueghanul Fsyehalagy

Mary R ‘Quilling

Director
Q Technical Develaprnenr Pragrum

Thnmns A. Ramberg

Associate -Director

James Walter .

Director :
Dissemination Prngrqm

Dan G, Waulperr

Director - .-
Dperqﬂcns and Euslness

# COMMITTEE CHAIRMAN - -



STATEMENT OF FOCUS

The Wisconsin Research and Development Center for Cognitive
Learning focuses on contributing to a better understanding of
cognitive learning by children and youth and to the improvement
fo related educational practices. The strategy for research and
development is comprehensive. It includes basic research to
generate new knowledge about the conditions and processes of
learning and about the processes of instruction, and thé subsequent
development of research-based instructiomal materials, many of which
are designed for use by teachers and others for use by students.
These materials are tested and refined in school settings. Through-
out these operations behavioral scientists, curriculum experts,
academic scholars, and school people interact, insuring that the
results of Center activities are based soundly on knowledge of
subject matter and cognitive learning and that they are applied to
the improvement of educational practice.

This Working Paper is from the Project on Variables and Pro-
cesses in Cognitive Learning in Program 1, Conditions and Processes
of Learning. General objectives of the Program are to generate
knowledge ond develop general taxonomies, models, or the develop-
ment of curriculum materials and procedures. Contributing to these
Program objectives, this project has these objectives: to ascertain
the important variables in cognitive learning and to apply relevant
knowledge to the development of instructional materials and to the
programming of instruction for individual students; to clarify the
basic processes and abilities involved in concept learning; and to
develop a system of individually guided motivation for use in the
elementary school.
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ABSTRACT

This study explored the effects of overt and covert verbaliza-
tion instructions on problem solving in high school subjects., A
series of three-circle problems were administered to groups instructed
to either (1) say a reason for each move they made (overt verbali-
zation), (2) think of a reason for each move as if they were going
to say it (covert verbalization), or (3) work the problems silently
(control).

Consistent with previous findings, subjects instructed to
overtly verbalize were superior to control subjects on a transfer
task requiring no overt verbalizatiom, No significant differences,
however, were observed between overt and covert verbalizers. This
finding was interpreted to indicate that, in adults, covert verbali-
zation can be as effective in mediating problem solving behavior as
talking aloud. It was suggested that this may not hold true for
children, however.




I

INTRODUCTION

The relationship between thinking and verbal processes is a
compelling issue confronting many behavioral scientists. Problem-
solving paradigms, which seemingly require higher-order learning,
have occasionally been used to examine this velationship. For ex-
ample, Gagné and Smith (1962) studied the effects on learning and
transfer of having subjects verbalize while solving problems, They'
also examined the effect of instructions to search for a general
principle to be stated verbally dpon campietian of the problems.

The Gagné and Smith experiment was based on a series of three
circle tasks which required that the subject transfer a number of
discs of graduated diaﬁefer from one of the circles ﬁé anothear,
moving only one disc at a time. While the principle of solution
remained the same, the problems increased in complexity from a two=
thraugh»a five-disc task. One of:the groups in this study was in-
structed t state aloud a reason for each move as it was made, a
second group was instructed to search for a general prlnclp;e a
third received both 1nstructlons, aﬁd a taufth the cantral groﬁp;
was 51mp1y 1nfarmed of the rules and Warked siTEDtly.’ On- the tranSa;

fer task (a SlK-dlSQ prcblem perfcrmed 511ent1y by all graups),




verbalizers were highly superior to both the group instructed to
search for a general principle and the control group, as indexed by
total time to solution and moves taken in excess of the minimum re-
quired to solve the problem. In interpreting their findings, Gagné
and Smith noted the lack of theory relevant to their findings, but
suggested that requiring subjects to verbalize "somehow forced them
to think" during the practice trials.

Another line of research related to verbalization has developed
quite independently of the problem-solving literature, This latter
group of studies, for the most part utilizing verbal learning paradigms,
has emphasized the role of overt verbalization in learning (Carmean
& Wier, 1967; Mechanic, 1964; Murray, 1965, 1966, 1967; Wilder, in
preparation). Carmean and Wier, for example, found that pronouncing
the correct response in a discrimination task is superior to rehearsing
the correct response silently. The authors concluded that "overt
verbalization has a memorial effect which influences both learning
and recall" (p. 549). Four possibilities as to why overt verbaliza-
tion has a facilitative effect were offered, but the "scanty evidence
available" for explaining this effect was noteﬂ.

While Gagné and Smith (1962) Dperatignglly defined "vetbaliéaﬁ
tion" as talking alou& dufihgrtask éerfcrménce,‘the‘pezspective men=
tioned above emph351ses the vncal compcnent ln verbal behav1mr. Thus;
while a Suhject 5 Speech is a QﬁnVEﬂléﬂt 1ndex of hls govert verbal

behavior, studies exam*nlng spoken versus 51lént learn;ng SHEEESt that S

speech may have a funct;on qulte apart fram cammunlcatlng Wlth




experimenters while solving problems.

It seems presumptious to assert that the subjects (88) in the
Gagné and Smith control group were verbalizing silently while per-
forming the three-circle problem, and that this covert verbalization
was not as efficient as overt verbalization. Therefore, the present
study attempted to elicit covert verbalization with a bit more as-
surance, and to compare the effects of instructions to covertly
verbalize with instructions to talk out loud while solving the three-
circle problem, If there are unique facilitative effects associated
with instructions to overtly verbalize, then overt verbalization sub-
jects should be superior to subjects instructed to covertly .verbalize,
or to subjects given no verbalization instructions.

Using the same three-circle pfoblgm and procedures reported by
Gagné and Smith, this study examined training (two- through five-
disc problems) and transfer (six-disc problem) effects of overt and
covert verbalization instructions, in addition to instructions con-
taining no verbalization requirement. One limitation of thé Gagné
and Smith study was that while they counted the number of moves
during the training‘problemsé they did not reco:drthe;time,to solution

- for these pfabiemsi Nevertheless, they reported that, durlng the
two: throu?h fiive-disc problems Mthe maklng of mnves Was slowar fcr
those §s whD‘Qere requlred to verbal;ze" (n. 14) Consequentiy; it

could be argued that the superlor performance of verballaers was,

due to the greatﬂr amount of tlme spent Qn the tr' ng tasks.f To‘

'_cla:ify thlE lssue tlme tc Sélutlon far each tralnlng task Was re—:fjf; Ej‘i'ﬁ;;'j§L-*

‘1corded 1n the presant study, :tl




I1

METHOD

Subjects

Gangé and Smith (1962) used 145 and 15-year—old male volunteers.
In the present study, the 30 subjects were 17- and 18-year-old male
volunteers who were attending summer clinics in Speech and Journalism
at the University of Wisconsin. The only requirement for participa-
tion was that the subject had no previous knowledge of the three-

cirele problem.

Materials

The three~-circle problem cited by Gagné and Smith was constructed
according to similar specifications. The discs were cut from 3/32-
inch aluminum and graduated in diameter from 3/4.inch to 2 inches.
The discs were numbered one through six in order, from the smallest
to the largest. Three cifcles of 4 inches in diameter were drawn on
a piece of light grey construction paper with their centers at tﬁe

apexes of an equilateral triangle having égiﬂéhﬂsiﬂesi“,The_circles"

were lettered A, B, and C. -

. Procedure .

© The procedures were similar to those described by Cagnd and

- Smith. Each subject formed of the rules =

- of the game.




until each was carried to final solution. During these warm-up trials,
subjects were encouraged to ask any questions pertaining to the in-
structions and were permitted to retrace a wrong move as far back
as the beginning. The purpose of this exercise was to fully acquaint
the subjects with the problem, as well as to establish a relaxed
experimental atmosphere.

Each subject was then randomly assigned to one of three experi-
mental conditions, each containing ten subjects. The control group
received the following instructions:

You will see on the table three circles, A, B, and C. A
number of discs will be placed on Circle A. The largest
disc is on the bottom, the next largest is next to the bot-
tom, etc., so that the smallest is on top. Your task is

to transfer these discs to Circle B in the least number of
moves possible so that they will be in the same order. You
may move only one disc at-a time. You may move only discs
that are on top of a pile or that are alone. You must not
place a larger disc on a smaller. A disc moved from one
circle must be placed in one of the other circles. The
number of moves it takes you to complete the problem and
the time will be recorded. There is no time limit, how-
ever, so do not hurry your moves. You may back up at any
po;nt and retrace ygur moves. ' ‘

,'Overt verballzatian subjects ‘received the same instructions as
the Control gréup,ﬁlus.the foll@Wing:

'Staté'out'iéﬁé a full reason for.each move as _completely

“as you-can.  If you- are -not certain of the reason for a

y speciflc move do nat hesitate to.say so. ~If you" choose

v ‘:to back up ‘at any. pulnt be sure to. verbalize a. reason for'
'»each move as-you retrace your;steps,- - :

"Covert verbal;zationssubgects

reéeivedfthe same instructions as

the Control group plus the folloW1_fT‘

Carefully con51der each indiv1dualkmove.ﬂfThink of a full
g ked to repart

‘reason. for each}mo"




your reason out loud. Do not move until you feel confident

there is a good reason for the move you are about to make.

Remember to approach each move as if you were being required

to state your reason out loud.

The subjects wer. then presented with the two—, three-, four-,
and five-disc tasks in succession which they worked through to com-
pletion. A l-minute interval followed each task through the five~
disc trial. These short rest periods were filled with casual conver-
sation generally unrelated to the problem situation.

Immediately preceding each task, overt verbalization subjects
were reminded to approach each consecutive move as if they were being
required to verbalize a complete reason. Control subjects were simply
reminded not to place a larger disc atop a smaller or to move only
one disc at a time. All subjects were informed of the minimum num-
ber of moves possible for solution of each task (20 - 1), A 3-minute
interval preceded the final six~disc transfer task. All subjects

were told to work silently on the final task and to approach the

problem in whatever manner they chose.




III

RESULTS

Total time to solution and total moves were analyzed in a 3 by
5 analysis of variance, with three levels of Verbalization (overt,
covert, control) and five Tasks (two, three, four, five, and six
discs). The Task factor was a within subjects variable.

The control group averaged 27.32 excess moves over all tasks,

while mean excess moves for overt verbalization and covert verbali-
zation groups were 12.88 and 12.30, respectively. This main effect
of verbalization conditions was significant (F = 18.63; df = 27;
P < .001). Scheffé pair-wise comparisons revealed significant dif-
ferences between the control group and each of the two verbalization
groups (p < .0l1). This finding indicates that verbalization subjects,
overt and covert, made significantly fewer excess moves on the
training and transfer disc problems than the control group. The con-
trast between the overt and covert groups did not approach aignifi=
cance. | o

The Verbalization hy‘Iaek,ihteraetian was also eighifieaht
(F = '7.»25; df = 8, 108:- p < .001). This interaction is shown in
‘:Figufe 1. A trend analysis revealed a. atreng llnearreomponeht tc the

dlffereneee amang the enndltiane as a functlon of the number of dlaeef

(F 5 99 “df = 8,108;. E < 001) - The- dlfferene}:eiv quadratic,’

"euhle, and higher eomponents were ﬂat suffieiently”great to have'




Moves in Excess

Figure 1. Mean Moves in Excess of Minimum for Overt,

70+

50+

40-

Covert, and Control Verbalization Groups
on the Training and Transfer Problems

— Control
- = Covert Verbalization
- Overt Verbalization




produced the significant interaction. Further, Scheffé pair-wise
comparisons indicated that the differences among conditions és a
function of the number of discs resulted from the difference between
the control group and each of the verbalization groups (p < .O;);
There was no significant difference between the overt and covert
verbalization groups.

‘The time to solution measure yeilded no significant differences
among the verbalization and control groups (F < 1), and Verbalization

did not interact with Task (F < 1).




IV

DISCUSSION

These results were remarkably similar to those reported by
Gagné and Smith (1962). Overt verbalization subjects were superior
to control subjects as early as the three-disc problem (see Figure
1), and this difference in performance increased as more discs were
added. However, the time-to-solution measure yielded no eignifieent
differences among the two verbalization groups and the control
group. This finding suggests that, while verbalization subjects
made fewer moves in excess of minimum over tasks than the control
group, all three groups took epprox1mare1y the same amount of time
in solving each successive problem.

While Gagné and Smith did not measure time~to-solution on the
training tasks, they found overt verbalization subjects faster than
control subjects on six=diee~§erfermance; Perheps tﬁe preeent‘re—
sults differ with the prevloue etudy ‘because. Df 1nstructions. While
Gegne and" Smrth reported that the;r eubJecte Were informed ef the '
dtime;to;eciurlon and the numberzof—mcvee meesuree,'eubjeete in the

: preeent etudy Were further told "there ie ne Eime limit however 80

de not hurry your moves. 7 Thue whi'etthe eet of’verbalizetion eou1d7 f

_be expected te elew down cvert verballgatlcn eubgeete, the 1netrues,'

'jtlens not to hurr .d"have hed 31milar.ef£eete‘en centrel end

frbellzetion subjecte. ,Assumingfthievwereqthe case,

the pre—~xJiV*



sent study provides even stronger support for the facilitative effects
of verbalization, since it cannot be argued, as was the case iu the
Gagné and Smith study, that overt verbelizetion subjects spent more
time on the training problems.

There was no significant difference between the performance of

overt and covert verbalization subjects as indexed by the excess-
moves and time-to-solution measures. These results imply that if
covert verbalization instructions were employed in the studies pre-
viously cited (which they were not), covert as well as overt verbali-
zation could be demonstrated to be superior to silent performance,
Thus, while Carmean and Wier (1967) stressed tentative hypotheses
concerning the unique effects associated with saying items out loud
during learning, the present study (using a different task) suggests
that covert verbalization may be the actual mechanism facilitating
learning, and having subjects talk out loud during experiments may
simply insure ectivetion of this mechanism. This explanation is
consistent with Vygotsky's (1962) theorecical eccpuct'of the internali-
zation of speech during the ccurSe of'humen develcpment'(See»elec ‘
Flavell, Beach & Chinsky, 1966 Kingsley & Hagen, 1970' and Kchlberg,
Yaeger, & ngrtholm, 1968) According to Vygoteky, yeung children
need to talk to themeelves during problem solving.: Thls overt-dia—-‘r
”lcgue-with—self reflects tn hild -] not yet fuliy developed internel ﬂ:

‘verbal connecticne Which mediate preblemseolvin* behavior at a 1ater

etege of develcpment.. i'”




The results of the present study can be interpreted within this
theoretical perspective. Verbal mediation (i.e., hypothesis testing,
strategy, or whatever) aids performance on the three-circle problem.
In high school students, this verbal mediation can be elicited by
requesting the subject to talk while solving each successive problem,
or by asking him to silently mediate. However, this may not be the

case with young children, and perhaps speech as an overt verbal pro-

cess is an important stage in the development of verbal behavior.
The three=circ1e‘problem might vield useful data relevant to
the role of speech in the development of verbal behavior. For ex-
ample, from the above theoretical consideration, one might hypatﬁe—
size that if no instructions about verbalization were given, younger
children would spcntaneéﬁéiy talk more dufiﬂg éréﬁlemﬁsclving‘than
older children. Fufther, inhibition of this spontaneous verbaliz;e

on in younger children should lead to decreased efficiency in

e

t

'task performance. Finally, instructions to verbalize covertly should

not be facilitative in younger children.
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